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Summary 
One of the fundamental problems in remote visualization – where I/O and data intensive 
visualization activities take place at a centrally located supercomputer center and resulting 
imagery is delivered to a remotely located user – is reduced interactivity resulting from the 
combination of high network latency and relatively low network bandwidth. This research 
project has produced a novel approach for latency-tolerant delivery of visualization and 
rendering results where client-side frame rate display performance is independent of source 
dataset size, image size, visualization technique or rendering complexity. As such, it is a suitable 
solution for remote visualization image delivery for any visualization or rendering application 
that can generate image frames in an ordered fashion. This new capability is suitable for use in 
addressing many of ASCR’s remote visualization needs, particularly deployment at open 
computing facilities to provide remote visualization capabilities to teams of scientific 
researchers. 
 
These two images are screen shots of the client displaying isosurface visualization image sequences at different zoom levels. In the 
left image, we have zoomed in up to the threshold where lower-resolution images are used as the source. The visual artifacts 
resulting from zooming in on low-resolution images are clearly visible. In the right image, we have zoomed in one more step -- just 
past the threshold where the client chooses the next higher-resolution images for display. This dynamic approach to multiresolution 
image selection and display approach is applicable to a broad range of potential application areas. 
 
Typically, output from visualization and graphics 
applications consists of a set of images that result 
from changes in visualization and rendering 
parameters. Generally speaking, we can 
characterize the resulting image set as the 
exploration of visualization or rendering 
parameter space. Effective interactive remote 
visualization – where these images are transmitted 
over the network to remote users – is hampered 
by the combination of high network latency and 
low network bandwidth. 
 
Our research has produced a novel approach for 
delivering visualization results – images – to 
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ability to perform n−dimensional attribute 
browsing; in contrast, MPEG-1 and MPEG-2 
offer one-dimensional browsing while QuickTime 
VR offers navigation through only three 
dimensions. Third, our implementation has a 
relatively small, fixed-size memory footprint 
making it suitable for use on a wide range of 
platforms. Fourth, we use a prefetching algorithm 
to minimize display latency and overlap I/O with 
display operations. Fifth, we conducted extensive 
performance studies: (1) evaluating the impact of 
tunable system parameters on storage 
requirements and end-to-end performance; and 
(2) reporting the performance improvement that 
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